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qulred to calculate thermal diffuslvities from the 

different systems proposed. . 

This report discusses in detail methods considered feasible l 

1 1. Surface temperature. , 

to accomplish the following lunar thermal measurements. 
I 

I 

2. Subsurface temperatures as a function of depth below 

surf ace . 
3. Thermal diffusivity by measurements made at purface. 

I 

4. 
Instruments must be devised to carry out the meapurements, 

Thermal diffusivity by measurements maqe subaurface. 

l 

1 and a testing and development program is required to establish the 1 
1 

I 
3. A literature survey and/or experimental progyam should 

1 
I ' 

3 '  
7 

be undertaken to eatabxlph; 

a. .emittances and reflectances (spectral) of mineral 

systems considered reasonably similar to those of 

the moon, and 

b. gross values of these properties by.high resolution 

as t ronomlcal observat Ion. 

4. An experimental program +s needed to evaluate the arrange- 

ment of measuring thermal diffuslvlty. 1 
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T r  n?TTPTT(??.T I I. I.. *A&- v ~ - - --. 
1 

Since  3ubxItti~g :he last  r + o T t  OR t h e m 1  rzeasurernents, 

v i ~ i t 3  were rAde t o  t h e  h’at’onal Zureau of Standards 2nd the Kava1 

Rcsr-arch Laboratory, both a t  Vazhlngton, D. C., a d  t o  Je t -P ro -  

pu l s ion  Laboratory, Pasadena, California.  

of Stzndards and the Naval Research Laboratory, the problems of ther- 

mal measu~ersn ts  on the  moon were discussed w i t h  stafffmembers 

experienced i n  the techniques proposed. 

agreement tha t  the methods of measurement proposed i n  t h e  first 

partial repor t  offered the highest p robab i l i t y  of succegs. 

Je t  Propulsion I iborator ies  there  were opportunities t o  discuss the 

measurements and data In te rpre ta t ion  w i t h  s p e c i a l i s t s  In various 

f i e l d s ,  allowing clearer de f in i t i on  of the d i f f i c u l t i e s  t o  be expected. 

This present  repor t  i s  based I n  part on the references, suggestions, 

and comen t s  offered by these consultants.  

unnecessary an?, in f a c t ,  impossible i n  the time given, t o  perform. 

instrument development work as a p a r t  of the f e a s i b i l i t y  study. I n  

At the National Bureau 

There seened t o  be a gene=.al 

mile a t  

It has been considered 

general ,  the  techniques proposed use instruments and methods commonly 

i n  use, requi r ing  refinement f o r  the unusual conditions t o  be ex- 

perienced. I n  addi t ion  t o  knowledge of instrument behavior, data 

in t e rp re t a t ion  w i l l  require good estimate of c e r t a i n  environment pro- 

per t ies  which may have t o  be the subject of an expe r lmen ta lp rogra  

s ince brief l i t e r a t u r e  search indlcates  a scarcity of data. 

I 

111. ELECTROLYTIC .MODEL STUDIES 

During e a r l i e r  parts of t h i s  study, consideratton was given 

t o  a system of temperature gradient determination using a therrno- 

couple measurement of the temperature of a d r i l 1 , b i t  a t  various de3ths 

’Partial Report No. 2, Measurement of Lunar Thermal ):794.17-2 
Proper t ies ,  Texaco Inc., Aug. 31, 1960 
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belox surface.  

order  of a thousand tirzes =eater tklan the upper 1i;nit given f o r  tile 

conductivity of the lunar material, it M a s  presmed thzt tezperatu?e 

mczsurement within the d r i l l  b i t  would average, the temperature ovez 

Scnce the therm1 cclnduct:vity of netals is on the  

the  depth penetrated, and i n  addition would.require long tine 

periods t o  come i n t o  thermal equilibrium w i t h  the bore bole. 

problem of a t t a i n i n g  thermal equilibrium has been e s t A m t 4  i n  the 

previous report  (see Fig. I1 - Lunar Physical Parameters Study - 
Part ia l  Report No. 2 - Measurement of Lunar Thermal Properties).  

The 

To estimate the averaging ef fec t  on temperature of a d r l l l  

stem inser ted  i n t o  a bore hole, an e l e c t r o l y t i c  nodel was con- 

-sCkucted. 

Chapter 20 (Jakod, M a x  - Heat Transfer, Vols. I & II, Jphn Wiley 

& Sons, Inc., New YorkJ 1957). 
that the d i f f e r e n t i a l  equation describing heat  flow ho+@s true also 

for e l e c t r i c a l  flow, allowing the tzse of electrical analogs t o  model 

heat flow systems. 

measuring s y s t e m  is sketched in Fig. 1. 

The use of such models is discussed by JakOb, Volume 1, 

The basis f o r  such use 7s the fact  

The pa r t i cu la r  model used t o  evaluate gradient 

Within the e l f c t ro ly t e ,  

e l e c t r i c a l  po ten t i a l  gradients are s e t  up by the current  flow between 

the copper plates. 

through the bushing. 

p o t e n t i a l  I s  made by insulat ing the probe except f o r  a p a l l  exposed 

area a t  the  t i p .  To simulate the effect of a rod of metal inserted 

These gradients are detected by a pFobe inserted 

A point-to-point measurement of e l e c t r i c a l  

in to  a material of low thermal CondUCtiaty, the probe For electrical  

p o t e n t i a l  determination can be bared over its e n t i r e  surface. Figs. 

2 and 3 give the r e s u l t s  of this model work. The e l e c t r o l y t e  used ! 
1 

with in  the model had an e l e c t r i c a l  r e s i s t i v i ty  of 500 o b  c m a n d  the t 

i 
1 
i 

i 
: 1:794.17-3 
I 
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probe u z c d  ?;as copper with a xsistivity of 1.7 x 10 -6 0r-x - ea. :'he 

nodel, therefore, represents ;he effect of introducing a proje wl-ich 

forces an isopotential (isothermal) boundary over areas exposed to 

the electrolyte (material of low thermal conductivity), 

gives results f o r  a uniform gradient within the electrolyte, FIR. 3 

is for a system where the gradient  was changcd within  tho electrolyte 

by the presence of a styrofoan grid which reduced the volume of con- 

ducting electrolyte in a well-;efined region. 

Fig. 2 

I 

I 
t 

L 

The conclusions from this work are that neasurhg tempera- I 
ture profiles within a material of low thermal conductivlFy by uce f 

i of a metal probe acting as an isothermal boundary averagep temperature 

along the death penetrated and that because of this averzging chmges 

in thermal gradient may be 'Ill defined. 

IV, INSTRUXENTATION 

1, Surface Temperatures I 
i 
! 

The first partial report dealing with thermal measurements 

i estbated uncertainties associated with the use of total fadiation 

detectors and of thermocouple and thermistor devices t o  measure 

temperatures of the lunar surface. 

devices require an accurate and reliable placement at the surface 

to be studied, and give an error in temperature reading due to heat 

flow along connecting wires. 

leak becomes consi&rable when the surface contacted has a low 
value of thermal conductivity (see Lunar Physical Parameters Study - 

I 
I 

* i  

i 

1 

'phe fhermocouple and thermistor 
I 
I 
i 

i 
! 
1 

T N s  temperature error due PO heat 

I 

Partial Report No. 2 - Measurement of Lunar  Thermal Properties for 
I 

quantitative estimates) . 
therycouple and thermistor devices seem extremely difficult to 

The errors associated with use of 

. . . .  
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es t2mte  froa ea r th  for proper data in te rpre ta t ion .  Therefore, i t  

was decided that thermistor and thexmocouple devices would be a 

2oor c h p c e  f o r  reliable tenperature data. 

r ad ia t ion  de tec tor  e l imina te s  t h e  problea of mechaflicsllg couplin3 

t o  the surface and o f f e r s  the l e a s t  poss ib le  eisturbance of surface 

temperature. 

mezsurements of emission of radiant  energy, surface p rope r t i e s  of 

The use of a total 

For accurate d e t e z i i n s t l o n  of temperature from 

exl t tance  and re f lzc tance  must be estlmated, but it seems nore 

reasozable t o  estlmate these quan t i t i e s  than t o  estimate the 

coupling e r r o r s  inherent i n  use of thermocouples.and thexzls tors .  

Soxe of the terminology used in discussing r ad ia t ion  detectors is 

defined i n  Appendix B, 

The t o t a l  r ad ia t ion  detectors can be made as small u n i t s ,  

estimated t o  be a cube less than t-ao inches on a s ide  welghlng less 

than one half pound. For surface temperature measurement, the 

following combinations can be used, given I n  order of complexity: 

(1) Single Radiation Detector 

A single u n i t  precalibrated on earth fixed i n  p lace  

on the instrument package w i t h  no provision for ca l ib ra t ion  check 

o r  scanning. If the sensor is a thenpocouple device, output is i n  
m i l l i v o l t s ,  

device, a res i s tance  change i n  the element must be t fans la ted  i n t o  

a signal. No matter w h a t  sensor element i s  used, the temperature of 

the sensor environment must be accura te ly  known f o r  determination 

of the temperature of the viewed surface. This means t w g  outputs 

If the sensor is a bolometer or thermistor style of 

per  u n i t .  

A unlt of th is  kind hag the obvious disadvantage of 
! 

1 :794.17-5 
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s c e i a ~  only one very s m l l ,  spec:::; zrea of  suri'sce for teK2erzttre 

deter-lration. To allow more szxqlinp;, e i ther  of twrJ  systems ray  be 

used . 
( 2 )  Xultipie Radiation Detectors 

Several u n i t s  as described i n  (1) set t o  view 

di:ferent areas of surface. 

m a n  coxplete loss  of surface temperature data. 

Fai lure .of  one of t he  u n i t s  does not 

(3)  Single,  Scanning Radiation Detector 

A u n i t  as described i n  (1) set t o  t raverse  surrounding 

areas of surface i n  some preset conf igza t ion .  Calibration can be 

b u i l t  i n t o  th i s  u n i t  by allowing it'J a t  some p a r t  of the  cycle, t o  

view e i t h e r  a surface of known cha rac t e r i s t i c s  and temperature o r  t o  

view a n  empty por t ion  of space. 
1 

On any of the combinations of (l), (2) o r  (3),  data 

in t e rp re t a t ion  would be aided considerably i fJ by use of te levis ion,  

the physical appearance and gross geometry of the surfaces viewed 

were known. 

An increased confidence i n  data can be obtained by 

adding the addi t iona l  complexity of a cal ibratkng device t o  the radio- 

meters. A t  i n t e r v a l s  a mirror can be placed i n  f r o n t  of the 

de tec to r  t o  allow it t o  look a t  either a surface of known character is-  

t i c s  and temperature, o r  a t  an  enclosure a c t i n g  as a blackbody. 

of t he  ca l ib ra t ing  device would require  power t o  a t t a i n  the desired 

calibrating temperature and a thermocouple output t o  know t h i s  

c a l i b r a t i n g  temperature accurately. 

Use 

I n  considering the outputs of these sensors,wherever a 

thermocouple measurement is  mentioned, the m i l l i v o l t  difference 

must be czed w i t h  same absolute device t o  determine reference 

1:794.17-6 . 



v - [ -  

junction terqcrat-me. If a:; themocouple leads are b r m & t  bzck t o  

a comon reference point Oi” texpezature, a s ingle  reslstazee ther.30- 

ae ter  o r  thermistor can be used t o  rezd the reference te.ipcrature. 

Yhere terrpcrature measurements a r e  desired a t  several  ?oints,  use of 

thermocouples leading t o  a coxnon reference point  of texpercture 

seems the least cumbersome system t o  use. 

I n  Fig, 5 is  p lo t t ed  the einission of a blackbody 

accorfir,:: t o  the Stefan-Boltzrmnn Law. 

energy is  noted w i t h  reduction i n  temperature. The rad ia t ion  

de tec to r  will be operating presumably i n  the range of 300°K and the  

sensing element changes tempgrature as a r e s u l t  of the rad ian t  

energy interchange ;vith.the sur2ace viewed. A ten2erature change of 

the surface a t  1 0 0 ° K  affects. the ne t  rad ia t ion  interchange w i t h  the 

sensing efeinent t o  a m-ach lesser kxtent than an  equal temperature 

change of the surface z t  h ighe r  terlperatwes. 

A very rapid drop i n  emitted 

t 

The Stefan-Boltznann 

equation for a blackbcdy is, 

E-= U T 4 (see Appendix A). 

Thus, f o r  the  change i n  emitted energy of a blackbody as’a function 

of temperature, 

Unless pome provision is  made for changqng Instrument s e n s i t i v i t y  -. $ 2  

w i t h  temperature of t h?  surface, a much reduced accuracy of tempera- 

ture measurementwill.be experienced a t  the lower temperature of sur- 
. I  

face. 

. -  



2. Scrr'ace Ceterninatiom of ?kexml  Dii 'fusivity 

A simple r e f l e c t i n g  shield placed over the surface durln.: 

the l u m r  day gives a shadow which shou d produce I n  miniature t h e  

t m p e r a h r e  va r i a t ion  observed dilrlng ec l ipse .  

t u re  sensor a t  the center  of this  shicl  facing the surface then 

follows the temperature a t  the center  of the shaded area  as a 

funct ion of time. Knowing the solar energy enter ing  the surface 

outside the shaded area, having. an e s t w a t e  of the original texpera- 

t u r e  d i s t r i b u t i o n  within the lur,ar surface layer,. and knoxlng the 

geometry of the system (which xould IncLude a knowledge of angle 33 

incidence of s o l a r  rad ia t ion)  should a1)ow so lu t ion  of the heat flow 

equations and determination of a thzma) d i f f u s i v i t y  f o r  the surface 

layer .  .This would be a rather complex pthematical treatment, q u i t e  

poss ib ly .bes t - so lved  by aone form of analog computer. ConsideratLon 

of space and w e i g h t  l imi ta t ions ,  the  s e n s i t i v i t y  of kva i l ab le  

temperature sensors, .and the e s t h t e d  proper t ies  of the surface w i l l  

give a n  optimum size of the r e f l e c t o r  shield, 

ava i l ab le  f o r  the moon indica te  a surface gradient on the order  of 

2OC/crn (see references 1 and 4, Lunar P h y s i c a l  Parameters Study, 

P a r t i a l  Report No. 2, Lunar Thermal Propert ies) .  

+ 
A blackbody tempe-a- 

r 

I 

Temperature data 

The e l e c t r o l y t i c  

model was used t o  estimate the re la t ionship  of radius of shield t o  

depth below surface fo r  l i n e s  of equal temperature. .The attached - 

Fig. 4 au;rmrizes results of th i s  work. 

a temperature at the center  of the shaded region equal t o  the 

A shield of radius r gives  

r tenperature  .at a depth ~n -- 0.77r. Thus, 3f.a temperature , 
0 

gradien t  of l°C/cm is estimated, a shield 20 ern In diameter gives a 

tenperature a t  .center differing from the unshaded surface by an 



I 

I 

I 

I 

:-.;een the shabou cenc,er and the exposed surface become; onall enough 

to give large inaccwacies i n  dliYusivity determination. 

, 
I 

A ~ c x r . 5  :.tet:?sd of estimating thermal diffusivity is , 

I possible by edZicior, cf simple measuriEc circuits $0 the instmr.rs.It 
I 

tery?piture at the area of conta:t of the legs will be E.: i'unctlon 
I 

I 

t,ie thermal graaieiics along the leg and knowing its dimensions an5 

r;,tmials of cerstrxztion, the quactlty of heat transferred can be 
I 

I 

5'ir.tector the thermal diffusivity can be computed as i n  the case of 

I 

I 

I 



I n  temerature ovcr m e  kcu. 1% i-adiation pyrometer woul-a ‘se needed 

I 

1s not too iiitease, 

I 
I 

Soc. of Efetherlaacs, - X (1948), -.51) who determired the conductivitj 

Prom eclipse data. 
. .  
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A r a the r  s l r q l e  l abo re to ry  experixer,t was carried o ~ t  i n  air 

t o  deterz:ine the  order of rragnitudes of the t h e  constants ( l . e . ,  tne 

t h e  t o  reach 1 - e 1 of Its f i n a l  value) involved. A themocoupls vas 

placed inside a 1/8" diameter hole d r i l l e d  p a r a l l e l  and 1/8" belor- 

the  surface of a f i r e b r i c k  having a n  approxirrate d i f f u s i v l t y  of 

5 x loB3 cm 2 /sec. The br ick  wzs heated w i t h  a 150 watt infrared 

placed 6rc from the brick. 

reach 1 - - of its final value. 

It took 200 seconds f o r  the tenperature t o  

It l a  realized that this l g  a very e 
crude experiment, but it showq even in. ,the-.presence_ sf, air,: . ..;..: 

that  the time involved t o  raise the temperature of a r e l a t lveJy  gcbor 

coil5xctor I s  on the order of a f e w  minutes. 

t o  the  d i f fus lv i ty .  Therefore, $or d l f f u s i v l t i e s  on the order of 

This tfme is propor t tor i1  

cm 2 /sec., it would be expected that  %he temperature w i l l  reach 

i t s  maximum value i n  a time grea te r  than one second. 

Tine above e s t b a t e  is for a local ized area.  P e t t i t ' s  data 

on the eclipse taken over a re la t ive l j  broad area, showed that the 

minimum I;e;n>erature was real ized in a period below 1 hour, There- 

fore, i t  would seem reasonable that the times involved t o  reach 

e 

* 

1 - -  I od the f i n a l  value of temperature fof a local ized area on the 

lunar surface would be greater than one second and less than ope 

hour, It I s  feasible t o  work with times in thls range. 

The conclusion of the above discussion 3s that ILt would 

appear feasible t o  measure the d i f f u s i v i t y  and a gross  r e f l e c t i v i t y  
. -  . 

' . for the lunar  surface material using an  external  l ight  source and a 1 

q 
j 

A 
t o t a l  r ad ia t ion  pyrometer. 

that  the temperature rise of the  moon's sy face  would not exceed that 

The l ight sourpe could be of such In t ens i ty  

; 

I 
! 
! 
1 
f 
! 
! 

i 
t 
L 

i 

i 
! 

i 
i 
! 

I 
i 

i 
f 

L 

i 

! 
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thought to  be present during daylight.  The emiasivi t ieg ca lcu la te3  

f r o a  the r e f l e c t i v i t y  data, would be useful  i n  calculat ing the 

absolute temperature of the lunar 8urface. It would appear that t h i s  

method should be invest igated experimentally. 
. -  

None of the f e a e i b i l i t y  study car r ied  on thus fa r  allows 

estimate of the accuracy in thermal d i f f u s i v l t y  measuremont ZnheFnt 

i n  the methods proposed. 

change and heat energy t ransferred,  

the e r ro r s  expected in these measurements w i l l  become knoun. :It l a  

then necessary t o  solve the heat  flow equations f o r  the particular 

geometries and' boundary conditions t o  deternine the accuracy in 

estimation of thermal d i f fus iv l ty .  

theoret icaJ  study necessar i ly  car r ied  on during inatmrment design. 

The data available w i l l  be temperature 

D u r i n g  design of the instruments, 

This w i l l  be a time consuming 

3. Surface Determination of Spectral  Data 

It has been suggested that,  s ince  the i n t e n s i t y  of incident  

solar radiat ion as a function of wave length at the man's surf8ce %a 

known, a grating spectrometer be pcorpora ted  In to  the instrument 

package. 

t i o n  in t ens i ty  of a narrow range of wave lengths is needed, w i t h  an 
accurate  aqignment of grating, mirrors, and slits. Such an lnstru- 

ment would be useful i n  character iz ing the surface, and spec i f i ca l ly  

useful i n  temperature es t imat ion s ince lunar sur face  emittance m l & t  
be calculated w i t h  a ce r t a in ty  not otherwise possible.  However, be- 

cause of the necessi ty  of maintaining at  least one and, considering 

the wave length coverage, possibly two highly sens i t i ve  rad la t ion  

detectors ,  the need for keeping an accurate  and known aligrrment with 

protrision for scanning the mve length range, and since the device 

A detector  su f f i c i en t ly  sens i t i ve  t o  .respond to  the radla- 

. 
$ 

1.1'794 17-12 . .  
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would not be general ly  use fu l  as a temperature ind ica tor ,  i t  w i l l  no t  

be discussed i n  any greater de t a i l .  

determination may well d ic ta te  inclusion of such a device as a 

separate experiment. 

The usefulness of such spec t ra l  

4. . Subsurface Temperature and Diffusivity M- maaurementa 

Two systems of subsurface lnetrumentation have been con- 

sidered i n  the overall  study of the measurement of lunar physical 

parameters. 

w i t h  the d r i l l  b i t  f o r  measurement as d r i l l i n g  progressed. For 

temperature determination by t h i s  system, the d r i l l  b i t  must be 

thermally decoupled from the main apace craft and allowed t o  come-ko 

equilibrium w i t h  the surrounding formation after d iss ipa t ing  the 

waste heat from d r i l l i ng .  

heat  exchange systems near the lunar surface. . A  simple thermocouple 

The first considered vas an instrument package Integral  

This decoupling can be accomplished by 

o r  thermistor measurement of the d r i l l  s t e m  temperature would give the 

average equilibrium temperature of the ionnation over the depth 

dr i l led.  

heading of e lec t ro ly t i c  model studies. 'While slmple I n  concept, the 

thermal decoupling requires complex equipment and sens i t ive  instru-  

mentation, and the a r r i v a l  a t  equilibrium requires a prolonged time 

of measurement (see Lunar Physical Parameters Study - Partial Report 

NO. 2 - ,Measurement of Lunar Thermal Properties), 

done after d r i l l i n g  t o  depth, a t  which t lme the necessary heating 

element an  temperature sensor would be left  behind in the t i p  of 

the d r i l l  Q l t  while the main body of the drill was removed. 

attainment of thermal equilibrium, d i f fue iv i ty  would be determined at  

The type of averaging expected was discussed under the 
I 

Determining thermal d i f fus lv i ty  i n  th i s  system would be 

? 
After 

* * p  
* 

. L  

1:794.17-13 
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ho le  bottom by following the temperature rise of the remaining 

package as a functfon of time with a conatant rate of heat input. 

The previous Partial  Report on Lunar Thermal Measurements discussed 

the advantages of supporting the d l f f u s i v i t y  apparatus a slight 

diatance from the formation t o  allow only r ad ia t ion  t r ans fe r  as a . 

heat exchange mechanism,. 

The second ayatem of subsurface instrumentation involves 

construction of a logglng too l  t o  be ueed after completion of dri l l -  

ing, 

Downhole temperature will be determined by measuring the 

equilibrium temperature and r a t e  of heat d i se lpa t ion  of a blackbody 

r ad ia to r  suspended beneath the downhole logging tool. 

shields, both above and below the radiator ,  w i l l  r e s t r i c t  the length 

of borehole "seen" by the radiator .  

minimize the temperature averaging which takes place i n  a blackbody 

cavi ty  due t o  r ad ia t ion  interchange between the various parts of the 

Radiation 

I n  this way, it is hoped t o  

cavity.  

Heat d i s s i p a t i o n  in the blackbody radiator will be 

determined by measuring the thermal gradient i n  the support fortthe 

radiator, 

based on empirical ca l ib ra t ion  of the instrument. 

Obvioualy, final temperature deterdmtlonr, will be 

This d l f f u s i v i t y  can be measwed by monitorl.ng the tempera- 

t c r e  r i s e  i n  the blackbody rad ia tor  when power l a  dissipated In the 

r a d i a t o r  a t  8 aonetant ra te .  

d i s s i p a t i o n  on the order  of 1 w a t t  for a period of 100 minutes ahould 

be adequate t o  y i e l d  order of nrrgnitude wrluea for the diffusivitg 

in the range lom6 t o  10 

Preliminary calaulat ions ind ica te  that 

2 -3 cm Caloulat iom indicata that for 

lt794017-14 . 
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radiation from a spherical  i ron bal l  of 1 c m .  r a d i u s  t o  an  i n f i n i t e  

medium whose i n i t i a l  temperature I s  2OO0X bounded interna$ly by a 

spherical  cav i ty  2 cm. in radius at a rate of 6 cal/m&nute, s l i g h t l y  

less than 12 cal/minute of total power need be supplied to the iron 

b a l l  over the 100 minute period. As yet,  temperature of the 

radiator as a funct ion of t i m e  f o r  constant r a t e  of power input 

has not been computed, but it can be done using the  solut lon for 

constant rate of power ratl iation. These r e s u l t s  should be a 

first order approximation t o  the  emp4rical ca l ib ra t ion  curves 

that  w i l l  have t o  be obtained from such instrumentation. 

. 1 

The physlca of the  above downhole unit are quite almllar 

t o  one of the  systems propoeed f o r  measuring the d i f fus io$ty  of the 

.material on the lunar  surface,  namely, the m e t h o d  using qn 

a r t i f i c a l  l ight -9ource. 

and solut ions of heat flow equations would be appl icable  t o  both 

situat ions . 

Therefore, basic s tudies  of e m l s ~ i v i t i e a  

For accurate  ca l ibra t ions  of temperature, q i f fussv i ty ,  

and length of hole  over which the measurements are averaged, the bore- 

hole diameter needs t o  be known. There w i l l  be some colspensating 

effects present when the temperature and d l f f u s l v i t y  are measured 

under conditions of a variable  diameter borehole, but none fror the 

length of the hole  which the device "aeea". 

v. STUDIES NECESSARY FOR DATA INTERPRETATION 
. .  

I In  a previoua sect ion af t h i s  report  dealing with measure- 

ment of temperature, the use of t o t a l  rad ia t ion  detector8 was 

discussed. 
. -  

The point  waa made that for acgurate determination o t  
. .  

t 1 :794.17-14 , .- 
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terqerature from neasurements of emiasion of radiant energy, surfnce 

p r o p e r t i e s  of emittance and reflectance must be estimated. The 

establishment of reasonable values f o r  these propert iee  ahrJuld form 

the subject of a study i n  the time period before lunar data becomGs 

available. Necessary data doe0 not seem t o  be readily'av&lable In 

the l i t e r a tu re ,  thus requlring ex erlxcental work on mineral ayatmm 

expected to be reaeonably o h i l a r  t o  the l u m r  surface. At the ex- 

peoted lower limits of temperature of about lOO0K the emitted 

radiat ion ip a t  8 wave length approaching -30 microns requiring 

erdaaivi ty  work out in the far  infrared. For the purpose of proper 

data interpretat ion it is necesaary to know the emissivity of these 

mineral syetems as a function of wave length and tenrgerature, lli, 

for all reasonable mineral systems, the emf.881Vity is on the order 

of 0.9 o r  greater  the emieeivitg comeation am, i n  al l  probability, 

be Ignored. 

propertiee m i g h t  be made by high reeolution astronomical studlee 

from the  ear th 's  surfaoe, 

I 

? 

It has been suggested that be t te r  eetlmateir of these 

This study should be oonaidered further 

along with high a l t i t u d e  observation from outside the ea&h86 

atmosphere. 

detector8 should not be Interpreted t o  mean t h a t  off-the-shelf items 

can be purchased and used, 

development w i l l  be required before package8 are assembld, 

estimation pf thermal d l f fus lv l tg  require8 either an empirical 

Previous statements concerning .the use of radiat ion 

Undoubtedly, a period of instrument 

The 

ca l ibra t ion  of the instnuttent8 used or the solution8 to  aome hlghlg 

complex mathematical syetemg, 

pa r t i cu la r ly  desirable t o  build 8 prototype l n e t m e n t  and gain 

experience i n  its use under controlled laEoratory . condltiona, 

In this  case it would seem 

# 

. .  
k 
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APPEKDIX "A* 

(From Introductlon t o  Modern Physics by Richt er and Kennard, Fourth 
Edition,  M c G r a v t - H i l l  Book Company, Inc . 1943 

I 

I n  consideflng amitted energy measurement a9 a megns  of 

estimating temperature, it is useful t o  examine the computed curves 

of emitted enerry as a function of temperature and of the pavelength 

of the maximum 01.. the spectral energy dis t r ibut ion,  also as.8 

funct ion of temperature. The Stefan-Boltzmann L a w  states tha t  the 

t o t a l  emisslve poww of a blackbody is proportional t o  the four th  

power of i ts  absolu$e temperature. This re lat ionshlp may be written 

as 

d i s t r ibu t ion  of enerp3. w i t h  wavelength and may be written: 

E = Q T4 and is plo t ted  i n  Flg. 5 .  Planck's formula gives the 

. 
J . .  . .  8r ch 1 

- 1  

For the t o t a l  radiant  energy i n  unit volume of- an isothermal enclosure: 

* - 4  

The wavelength of maximum en+rgy can be derived and l a  , 

~ 
- 

P 0.2891 cm. deg, A mT 

5 -r=---T- 
This I s  p lo t t ed  I n  Fig. 6. 

u = Stefan 's  constant = 5.735 x 10- c m  8ec deg 

h = Planck's constant u 6.610 x loop erg sees 
* 

k = Boltzmann's constant - 1.381 x ers//deg . .  ...... - ._ ..- 
. . .  . . .  . .  lo'. 

c = veloc i ty  of light 2.9978 x'io cm/;ek"".'*.: - . . . . .  . .  . . .  
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APPENDIX "B" 

DEFINITIONS OF fsADIANT ENERGY TERMS 

(From "Temperature, Its Measurement and Coritrol ln Science and 
Industry", V O I D  I, pg. 11641 - Reinhold Publishing Corporation, .New 
York, 1941) 

Emissivity - defined for a material as the ratio of a ratp of 
emission of radiant  energy by an  opaque body u i t h  
polished surface of the material  as a consequence 
of i ts  temperature only,  to the  corresponding r a t e  
for a blackbody a t  the 8ame temperature. 

- the r a t i o  of a r a t e  of emission of radiant  energy 
by an opaque body regardless of surface chaPacteria- 
tics as a consequence of i t a  temperature only, t o  
the corresponding rate for a blackbody at the 8ame 
temperature . 
lowest l imi t ing  value. 

Emittance 

.Note that the emittance has the emlssivi tp .as  Its ' 

Ref lec t iv i ty  - defined for an opaque, polished port ion of 
material 812 the ra t io  of a rate of r e f l e c t i o n  of 
radiant  energy from I t s  8 U f & C e  t o  the COrreSponding 
rate of 1nc:dence of radlant  energy upon it, 

Absbrptivitg - defined for an opaque polished port ion of material 
as the r a t i o  of a r a t e  of absorption of radiant 
energy by it t o  the corresponding rate of lnoldence 
of rad ian t  energy upon it. 

R e f l e c t i v i t y  and reflectance, absorpt ivi ty  and absorptance 

have the  same r e l a t i o n  as emissivity and emlttanae. The followine 

zelat ionship exists between emissivity, f # a b ~ o r p t i v i t y ,  a, and 

r e f l e c t i v i t y ,  'r. 
. .  ( I a 1 - S&Y 

The subscr+pt T I s  taken as lndlcating that not only the € , a, and 

r a r e  f o r  the temperature T, but that the incident radiations also 

are such as occur in a blackbody cavity at the temperature T. If the 

lncfdent  rad ia t ion  hae a 5p d i s t r ibu t ion  other than blackbody 

1 a794 . 17-18 
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